P
romotion of health literacy is a Healthy People objective 1 . For the purpose of this study, health literacy is defined as "the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions 2 ." At the most fundamental level, health literacy has at least two major components: the ability to "make sense of" health-related terms and phrases (comprehension), and the ability to understand and apply numerical expressions to health matters (numeracy). A variety of instruments have been developed to measure health literacy 3 .The Test of Functional Health Literacy in Adults (TOFHLA), typically viewed as the standard, measures the ability to comprehend narrative text and the ability to perform computations involving health-related tasks 4 . A short-form version of the TOFHLA (S-TOFHLA) containing 36 items has been found to yield valid and reliable estimates of overall health literacy, including component sub scores for both comprehension and numeracy 5 . There are several alternative measures for assessing health literacy. The Rapid Estimates of Adult Literacy in Medicine (REALM) is a validated and widely-used instrument that uses word recognition to measure the comprehension domain of health literacy 6 . Scoring is based solely on an individual's ability to read and correctly pronounce written medical terms. The REALM short form (REALM-SF) has been developed and validated for use in adults 7 . The Newest Vital Signs (NVS) is reported to be an overall measure of health literacy that consists primarily of questions requiring participants to read and interpret numerical facts by reading a standard food label 8 . Evidence indicating that poor understanding of food labels is reflective of low-level numeracy skills, 9 suggests the NVS is not an overall measure of health literacy but rather a specific measure of numeracy. Agreement has not yet been reached on the criteria to use for selecting the most appropriate measure of health literacy for different groups 10 . Measurement selection can be particularly important in health care settings where the importance of patient understanding of health management is essential. The issue of measurement selection is especially important with older adults where substantial variation in educational attainment and interactions with healthcare over the life course raises concerns about both the length and complexity of health literacy tools 11 . The S-TOFHLA may address length and complexity, but few studies have evaluated the performance of alternative tools like the REALM-SF and the NVS in older populations 12 . Evaluation of common instruments is an essential step for enabling rigorous primary care research focused on the role of health literacy in shaping older adults' clinical experiences and outcomes.
The goal of this study is to determine the performance of the REALM-SF and the NVS relative to the S-TOFHLA for use among older adults. We use data collected from an ethnically diverse sample of older adults to: 1) delineate variation in health literacy (comprehension and numeracy); 2) document the concurrent validity of the REALM-SF and the NVS for assessing comprehension and numeracy, respectively; and 3) delineate variation in the concurrent validity of the REALM-SF and NVS by gender and ethnicity.
METHODS

Study Population
Data for this study are from a larger study of the beliefs and attitudes of older adults with diabetes. Older adults with diabetes provide a good context for studying the performance of health literacy instruments because effective disease management requires understanding and applying narrative and numerical information to achieve glucose control. The larger project recruited a sample of older adults with diabetes stratified by ethnic group (white, African American, and American Indian).
Participants were recruited from eight counties in southcentral North Carolina. Inclusion criteria were age 60 years or older and having had a diabetes diagnosis for at least two years. Exclusion criteria included inability to complete informed consent or end-stage renal disease. A federally authorized Institutional Review Board (FWA #00001435) approved all sampling, recruitment and data collection procedures. Site-based sampling was used to recruit a representative sample from the study area 13 . Sites are places, organizations, or services used by members of the population of interest, in this case older adults with diabetes. A member of the study staff was sent to each site with explicit instructions on the number of individuals to recruit. Staff approached prospective study participants as they became available at each site; prospective participants were screened and invited to participate in the research if determined to be eligible. Signed informed consent was obtained from all study participants (n=593). Data collection for the larger project required two separate intervieweradministered survey questionnaires administered approximately one month apart. Health literacy assessments were completed during the second interview (n=563) (Figure 1 ). All data collection was completed by trained research personnel.
Personal characteristics assessed at the first interview included age, gender, ethnicity, educational attainment, marital status, and household income. Age was classified into three categories (i.e., 60 to 69, 70 to 79, and 80+), as was educational attainment (i.e., less than a high school education, high school graduate, and formal education beyond high school). Reported household income was used to construct a dichotomous indicator of poverty status based on 2007 federal poverty thresholds for household income and size 14 .
Measures
The data collection for health literacy occurred during the second interview. All study participants were assigned to complete the S-TOFHLA 4 . After first interviews were completed the REALM-SF 7 and NVS 8 were alternately assigned such that one-half of study participants received the REALM-SF and the other half received the NVS. Assignment of REALM-SF or NVS was performed at the time of recruitment and initial data collection. range of 0 to 72 while the numeracy questions are scaled to give a range of 0-28. Scores from each section are combined to give an S-TOFHLA score ranging from 0 to 100. The combined S-TOFHLA scores are used to categorize participants into three levels of functional health literacy: inadequate (0 to 53), marginal (54 to 66), and adequate (67 to 100) health literacy. 2. For the REALM-SF, participants read a list of seven common medical terms. Each correct answer results in a score of one point, and scores are converted to grade reading levels 7 . A score of zero indicates that the person will not be able to read most low literacy materials, while a score of 1 to 3 indicates a fourth to sixth grade reading level, while a score of 4 to 6 reflects a seventh to eighth grade reading level. A perfect score (i.e., 7) indicates a high school level of reading. Those with a score of<6 are considered at risk for poor literacy. 3. The NVS is a screening tool that provides participants with a nutrition label and asks six questions 8 . Scores from the screener can be classified into three levels of literacy: low, limited, and adequate literacy, indicated by 0 to 1, 2 to 3, and 4 to 6 correct answers, respectively.
Data Analysis
Descriptive statistics were calculated for scores obtained from each literacy assessment, and possible subgroup differences in literacy scores by race, gender, age group, education level, and income group were examined. For each demographic subgroup, we first selected a reference category (e.g., female for gender) for comparison; p-values for testing differences in literacy scores were reported. All statistical tests were two-sided with the significance level set at 0.05. Statistical analysis was performed using SAS 9.2 (SAS Institute, Inc., Cary, NC). Pearson correlation coefficients were used for bivariate correlation analysis between literacy tests.
RESULTS
The ethnic composition of the sample was approximately balanced. Approximately one-third of the sample was African American; 30% of the sample was American Indian, and the remainder of the sample was white (Table 1) . Over half of the sample (51.6%) was aged 60 to 69 years; 37.6% were aged 70 to 79, and the remainder of the sample was over 80 years. Over half of the sample (61.8%) was female. About one-third of participants reported having less than a high school education, while another one-third reported graduating from high school with no further formal education, and the remainder reported having some formal education beyond high school. Many participants (30.5%) reported household income below federal poverty thresholds for the household size, and less than half of the participants (46%) were currently married.
A large segment of the sample (n=128) was not able to complete at least one of the literacy tests. The "noncompleters" differed from those who could complete all literacy assessments (Table 1 , columns 2 and 3). American Indians were disproportionately "non-completers". Educational attainment and poverty status were associated with non-completer status such that having less than a high school education and living below the federal poverty threshold was associated with being classified as a non-completer.
Rates of completion varied for each of the health literacy instruments. Over 90% (n=518) of the sample completed the S-TOFHLA numeracy and 87% (n=490) completed the (Table 2) . A total of 283 participants received the REALM-SF, of which 243 (86%) were able to complete the assessment. Another 280 participants received the NVS, of which 205 (73%) were able to complete the assessment (Table 2 ). Among those who were able to complete an assessment, literacy was generally adequate. The average score for the S-TOFHLA reading portions was 53.9+18.4 (maximum score 72), while the numeracy was 22.2+6.8 (maximum score 28). Based on standard S-TOFHLA categorizations, 4 over a quarter of the sample had marginal (13.3%) or inadequate (15.5%) health literacy ( Table 2 ). The average score for the REALM-SF for the sample was 6.0+1.7 and the average score for the NVS was 3.4+1.9. The percentage of persons with classified as having inadequate literacy was 37.5% and 49.8% for the REALM-SF and the NVS, respectively.
Performance of each health literacy instrument, including the comprehension and numeracy subscales of the S-TOFHLA differed by several demographic characteristics (Table 3 ). Ethnic differences were evident for each health literacy instrument, such that American Indians and African Americans had lower scores than whites on each instrument, except for the numeracy subscale of the S-TOFHLA. None of the health literacy scores differed between American Indians and African Americans. There was no consistent evidence of differences in health literacy scores by gender, although men's REALM-SF scores were lower than women's. Participants aged 80+ had lower S-TOFHLA total scores than those in both the 60 to 69 and 70 to 79 age groups. However, when considering the comprehension and numeracy subcomponents of the S-TOFHLA, only comprehension scores differed by age. Similarly, there were no age-related differences in literacy scores obtained from the REALM-SF or the NVS.
Scores for each health literacy instrument were strongly associated with educational attainment. For all instruments except for one, individuals with less than a high school education had the lowest health literacy scores, followed by those with a high school degree only and those with some education beyond high school. The only exception to this pattern was observed for the REALM-SF. Finally, scores on all the instruments, except the NVS, were lower for those living below poverty compared to those above the poverty threshold.
The Pearson bivariate correlation between total scores from the S-TOFHLA and the REALM-SF was 0.48 among those who were assigned and able to complete these instruments. The corresponding correlation between total scores from the S-TOFHLA and the NVS was 0.54. The bivariate association of the REALM-SF and the NVS with the comprehension subcomponent (i.e., the reading component) of the S-TOFHLA, were 0.43 and 0.50, respectively. Bivariate associations of the REALM-SF and the NVS with the numeracy subcomponent of the S-TOFHLA were 0.38 and 0.39, respectively. Analyses relevant to the third aim of this study (i.e., to delineate variation in the concurrent validity of REALM-SF and NVS relative to the S-TOFHLA) indicated no significant differences in the magnitude of observed correlations among scores obtained from the instruments by gender, or ethnicity.
DISCUSSION
Promoting health literacy is a national priority. Low health literacy has been shown to be associated with negative clinical outcomes 15, 16 . The performance of alternative health literacy assessments in older populations is under-researched; consequently, the goal of this study was to determine the performance of the REALM-SF and the NVS, relative to the S-TOFHLA for assessing health literacy among older adults with diabetes. This study was implemented in a sample of older individuals with diabetes, a condition for which health literacy is essential because disease management requires understanding and applying narrative and numerical information to achieve glucose control. In our sample, 28.8% had marginal or inadequate health literacy by the S-TOFHLA. Data from other cohorts of older individuals show similar trends of poor health literacy 11, 17 . The results of this study suggest various challenges to assessing health literacy among older adults. Non-completion rates of literacy tests are frequently not reported in either cohort studies or clinical trials, and exclusion criteria often As a result, overestimation of adequate literacy in research studies can occur. In the current study, about 23% could not complete at least one of the literacy tests. The majority of individuals were able to complete the S-TOFHLA numeracy portion (92%) while the reading portion of the S-TOFHLA and REALM-SF had similar rates of completion (over 85%). Approximately 27% of study participants could not complete the NVS health literacy instrument, indicating a much higher rate of non-completion than the other health literacy tests used in this study. Many reasons were given for not completing the instruments by participants, some of which speak directly to health literacy (e.g., self-identifying as illiterate), but other explanations like eyesight, physical or sensory impairment, or simply not being able to complete the instruments within a specified time period are ambiguous for understanding health literacy. These results suggest that health literacy cannot be accurately assessed in a large segment of older adults for a variety of age-related reasons using existing instruments. Further measurement development and refinement among older adults is essential for equipping researchers and clinicians in meeting the Healthy People objective of promoting health literacy 1 . Several strands of evidence from this study suggest that researchers and clinicians need to carefully consider substituting the REALM-SF or the NVS for the S-TOFHLA when working with older adults. The correlations of the total S-TOFHLA with the REALM-SF and the NVS were only 0.48 and 0.54, respectively, suggesting that both the REALM-SF and the NVS are not capturing the measurement domain of the S-TOFHLA. These results diverge from previous research reporting a correlation of 0.81 between scores on the S-TOFHLA and the REALM, 18 and a correlation of 0.61 between scores on the S-TOFHLA and the NVS 19 . The comparatively modest correlations among measures of health literacy observed in this study are likely attributed to our sample being older, more ethnically diverse, and having lower levels of education; these demographic characteristics likely pose challenges to validly measuring health literacy. A recent study evaluating the NVS and TOFHLA reading in a small (n=62) sample of older African Americans found these assessments were not comparable and suggested that the NVS may not be suitable for older adults 20 . Our study replicates these findings in a larger and ethnically heterogeneous sample, thereby adding greater concern about the appropriateness of the NVS for use with older adults.
A second strand of evidence suggesting that researchers and clinicians need to carefully consider which health literacy tool to use is divergence in subgroup comparisons from different instruments. The S-TOFHLA, for example, demonstrated clear age-related differences in overall literacy but a similar pattern was not produced for the REALM-SF, or the NVS. The clear and almost doseresponse educational differences observed in S-TOFHLA scores were not apparent in scores from the REALM-SF, while the NVS did not detect the differences in overall health literacy or numeracy scores by income that were observed using the S-TOFHLA. The inconsistent performance of the REALM-SF and NVS relative to the S-TOFHLA can be attributed to several factors. The first is statistical: analyses for the REALM-SF and NVS were based on smaller samples and had less power. Although possible, inadequate power is not the full explanation because both the REALM-SF and the NVS produced the same pattern of results as the S-TOFHLA for both race and gender. Similarly, the NVS and S-TOFHLA produced the same pattern of scores by educational attainment, but the S-TOFHLA appeared to have more sensitivity to educational attainment than did the REALM-SF. Therefore, inadequate power cannot fully explain the diverging pattern of results among the instruments.
Differences in content may provide a second explanation for the lack of a stronger inter-correlation of the S-TOFHLA with the REALM-SF and the NVS, and a diverging pattern of subgroup differences in literacy scores. The S-TOFHLA is intended to capture the entire domain of health literacy; by contrast, the REALM is primarily a measure of comprehension literacy, and the NVS weighs heavily toward numeracy. Our data provide some support for this explanation. The REALM-SF produces a pattern of results similar to the reading comprehension items from the S-TOFHLA for race and income, while the NVS produces a pattern of results similar to the numeracy items from the S-TOFHLA for gender, age, and educational attainment. Again, however, differential content does not provide a complete explanation because the NVS produces ethnic differences in numeracy where none exists with the S-TOFHLA. Likewise, the REALM-SF produces gender differences in comprehension literacy where there were none evidenced with the S-TOFHLA.
This study has some limitations. First, the generalizability of study findings beyond the current sample is unknown because the sample was not randomly selected. Next, the attenuated inter-correlation among measures of health literacy used in this study relative to associations observed in previous research could reflect our use of short-form measures of each instrument. However, this issue requires substantial future research because the feasibility of using long-form versions of the assessments with older adults is highly suspect: if 20% of older adults could not complete a short-form version, the inability to complete long-form versions is likely even greater. Thus, while the use of shortform versions may contribute to the divergent results of this study compared to previous research, it does not take away from the fact that existing short-form health literacy instruments do not appear to be measuring the same latent construct in older adults. Other limitations include potential participant fatigue in completing multiple literacy tests.
Limitations notwithstanding, this study has several strengths including non-completion data from a sample of community-dwelling older adults. This study also includes individuals from minority groups that have not been wellrepresented in previous studies. These populations are particularly at risk for poor health literacy and are vulnerable to poorly managed chronic conditions, including diabetes. There is also good generalizability of the results to other community populations. The study population has significant health care barriers, including limited access to high quality primary and specialty care. Understanding literacy levels in this population can impact future interventions to address barriers to effective care and management of chronic conditions, like diabetes.
Individuals with limited literacy have worse health outcomes related to self-management, understanding of medical conditions, adherence, and utilization of preventative services 21, 22 . Recent comprehensive reviews detail issues around health literacy including the need for further evaluation of health literacy definitions, approaches, and outcomes 22, 23 . Although a variety of instruments exist for assessing literacy, choosing the most appropriate health literacy assessment is challenging, especially among older adults, and the results of this study indicate that the NVS or REALM-SF should not be substituted for the S-TOFHLA.
